We have measured the critical current in
INTRODUCTION
The breakdown of superconductivity in a type II superconductor at the critical value of an app!ied transport current gcnerally results from currcntinduced flux motion and the energy dissipation associated with this process. The moving flux lines can be generated by an applied magnetic field and by the applied transport current itself. In some regime of applied field and electric current both sources generating flux lines can be equally important. Flux motion sets in as soon as the Lorentz force exceeds the pinning force.
*Work supported by the U.S. Atomic Energy Commission, by NSF-RANN under Grant GI-37518, and by the NSF through the Center for Materials Research at Stanford University. Flux pinning results from local Gibbs free energy barriers against flux motion due to inhomogeneities in the superconductor. The situation for breakdown of superconductivity is different, when the dimensions of the superconductor become so small that magnetic flux lines cannot be accommodated. However, in the following we are not concerned with this case.
We report measurements of the critical current density in superconducting niobium films of 1 #m thickness. During the experiments we have varied the width w of the Nb film strips, and we have studied the critical current as a function of the magnetic field applied perpendicular to the films. From the variation of the critical current at zero applied field with the width of the film strips it was hoped to obtain information on the distribution of the current density and the magnetic field across the strips in the critical state. Our data obtained at high applied magnetic fields are analysed in terms of Kramer's recent theory 1 of flux pinning, which assumes the plastic shearing of the flux-line lattice around the individual pinning site during flux flow. Our films were prepared by vacuum deposition on quartz substrates, and the substrate temperature during the deposition was varied between room temperature and 800 ~ C. A preliminary report of our results has been given elsewhere)
EXPERIMENTAL
The niobium films were prepared by vacuum deposition on quartz substrates. All films were 1 #m thick and had different widths, ranging between 20 and 300 #m. The vacuum system used consisted of a 24-in.-diameter stainless steel, water-cooled bell jar with a liquid nitrogen cold trap and a water baffle above an oil-based diffusion pump. Before and during evaporation, the system was regularly able to achieve pressures of 1 • 10-6 Torr as measured directly in the bell jar.
The Nb material had 99.8 % nominal purity ( < 1000 ppm Ta, < 500 ppm W, < 100 ppm Fe, Cr, etc.) and was obtained from Wah Chang Co., Albany, Oregon. The Nb films of 1 #m thickness were prepared by electron beam evaporation. The high rates achievable by electron beam evaporation were used to minimize impurity effects in the Nb films. In all cases, the Nb was deposited onto the substrates at a high rate ~,--100 A/sec) with electron beam evaporation rate control. To further minimize impurity effects, a preliminary evaporation of Ti was done from anothe r electron beam source in the system. The evaporated Ti acted as a getter to remove some residual gas species, such as H2, 02, and H20:
The circular quartz substrates were mounted in a Ta substrate holder designed such that a maximum of the surface area of each disk would be coated with Nb. The substrate heater consisted of a completely enclosed rectangular box made of Ta sheet with a movable shutter forming the lower
